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MHO Fodvvlfdwlrq= G95/ U47/ U64/ U851




























































































































































Hpslulfdo revhuydwlrqv ri wrgd|*v flw| vwuxfwxuhv vkrz lqfuhdvlqj vhjuhjd0
wlrq e| hwkqlf ru olihvw|oh jurxsv +Vdvvhq ^43`> Kduwk/ Khuo|q/ Vfkhoohu ^9`>
Vfkqhlghu/ Vshoohuehuj ^45`> Zdjqhu ^48`,1 Vxfk dq hwkqlf ru rwkhu qrq0
hfrqrplf vhjuhjdwlrq wdnhv sodfh zkhuh glhuhqw krxvhkrogjurxsv h{lvw dqg li
wkhuh duh hlwkhu qhjdwlyh h{whuqdolwlhv ehwzhhq krxvhkrogv ri glhuhqw jurxsv
ru srvlwlyh h{whuqdolwlhv dprqj krxvhkrogv ri wkh vdph jurxs1 Udflvp dv zhoo
dv wkh h{lvwhqfh ri vrfldo qhwzrunv duh sduwlfxodu h{dpsohv ri wkhvh skhqrp0
hqd1 Dffruglqj wr Vkhoolqj ^44`/ vxfk h{whuqdolwlhv ohdg wr d g|qdplf surfhvv
ri vhjuhjdwlrq ehfdxvh zkhq krxvhkrogv fkrrvh wkhlu orfdwlrq/ wkh| hlwkhu
plqlpl}h wkh qxpehu ri glhulqj krxvhkrogv lq wkhlu qhljkerukrrg ru pd{0
lpl}h wkhlu rzq jurxs1 Wklv hyroxwlrqdu| surfhvv lv fdoohg wlsslqj0surfhvv1
Zlwk dgydqflqj frpsxwlqj srvvlelolwlhv/ wkh vlpxodwlrq ri hyroxwlrqdu|
frpsoh{ v|vwhpv ehfrphv pruh dqg pruh lpsruwdqw iru xuedq prghoolqj
+Wruuhqv dqg R*Vxoolydq ^47`,1 Hvshfldoo| wkh xvh ri h{whqghg fhooxodu dxwr0
pdwd surylghv lqwhuhvwlqj uhvxowv1 Sruwxjdol hw do1 ^<` dqg Sruwxjdol ^;` xvh
fhooxodu dxwrpdwd prghov wr vlpxodwh vhjuhjdwlrq surfhvvhv1 Dv gulylqj irufh
wkh| vwlsxodwh wkdw vrfldo qhwzrunv pd| eh wkh uhdvrq iru srvlwlyh h{whuqdo0
lwlhv dprqj krxvhkrogv zlwk vlplodu ghprjudsklf ru hwkqlf fkdudfwhulvwlfv1
Dv lq Vkhoolqj*v ^44` wlsslqj0surfhvv/ wkhlu v|vwhp lv ohdglqj wr sdwwhuqv zlwk
vwurqj vhjuhjdwlrq1 Krzhyhu/ wkhlu frqwulexwlrqv duh olplwhg lq wzr dvshfwv1
Wkh orfdwlrq fkrlfh ri krxvhkrogv lv h{sodlqhg lq d ehkdylrulvwlf idvklrq rqo|
dqg wkh flw| srvvhvvhv qr rwkhu fkdudfwhulvwlfv rwkhu wkdq wkh lqlwldo glvwul0
exwlrq ri wkh srsxodwlrq1 Wkxv/ wkh vl}h ri wkh flw| lv xvxdoo| olplwhg e| wkh
prghoohg vsdfh rqo|1 Zkloh wkh srvvlelolw| wr prgho h{whuqdolwlhv ehwzhhq
krxvhkrogv e| xvlqj hyroxwlrqdu| dssurdfkhv lv vkrzq/ lw lv qhfhvvdu| wr h{0
sodlq wkh vl}h ri wkh flw| lq rughu wr vkrz wkh flw| vwuxfwxuh hqgrjhqrxvo|1
Lq wklv frqwulexwlrq dq hyroxwlrqdu| vlpxodwlrq edvhg rq d prqrfhqwulf
prgho lv xvhg wr glvfxvv wkh vsdwldo vhjuhjdwlrq sdwwhuqv ri irxu krxvhkrog
jurxsv1 Wkh orfdwlrq fkrlfh ri krxvhkrogv lv ghshqghqw rq wkh glvwdqfh wr
wkh qhduhvw ri rqh ru wzr flw| fhqwhuv1 Ixuwkhupruh/ h{whuqdolwlhv ehwzhhq
glhuhqw w|shv ri krxvhkrogv duh ehlqj dvvxphg zklfk lq xhqfh wkhlu suhi0
huhqfhv iru d fhuwdlq qhljkerukrrg1 Dv d frqvhtxhqfh wkh hydoxdwlrq ri d
qhljkerukrrg ghshqgv rq wkh uhvshfwlyh w|sh ri krxvhkrog1 Lq wklv prgho/
wkh uhvxow ri wkh doorfdwlrq surfhvv lv rshq1 Lw lv xqfohdu zkhwkhu ru qrw wkh
surfhvv ohdgv wr dq htxloleulxp1 Wkh dulvlqj frpsoh{ vsdwldo sdwwhuqv fdq eh
dssolhg dv lqlwldo vlwxdwlrq iru wkh dqdo|vlv ri wkh hhfwv d sulfh uhjxodwlrq
kdv rq vhjuhjdwlrq1
Wklv sdshu lv rujdql}hg dv iroorzv= Vhfwlrq 5 suhvhqwv d prgho frqwdlqlqj
d orfdo sxeolf jrrg/ d frqvwdqw hodvwlflw| ri vxevwlwxwlrq +FHV, surgxfwlrq
5ixqfwlrq uhvsrqvleoh iru krxvhkrogv* lqfrph dv zhoo dv h{whuqdolwlhv ehwzhhq
krxvhkrogv ri glhuhqw w|shv1 Wkh prgho lv vroyhg zlwklq d vlpxodwlrq/ forvlqj
zlwk wkh doorfdwlrq surfhvv xvhg lq wkh vlpxodwlrq1 Wkh vhfwlrq qlvkhv zlwk
d vlpsoh uxq ri wkh vlpxodwlrq vkrzlqj wkh vsdwldo sdwwhuqv rewdlqhg1 Lq
Vhfwlrq 6/ dq dssolfdwlrq ri wkh vlpxodwlrq lv suhvhqwhg= wkh lpsohphqwdwlrq
ri d sulfh uhjxodwlrq zklfk lv derolvkhg odwhu rq1 Vhfwlrq 7 vxpphul}hv1
5 Wkh Prgho
Wkh prgho lv edvlfdoo| dq h{whqghg fhooxodu dxwrpdwrq dv lq Edww| ^6`/ xvlqj
dq hyhq vxuidfh/ glylghg lqwr o fhoov1 Wkh srsxodwlrq lv iuhh wr pryh ehwzhhq
fhoov lqvlgh wkh flw| exw dovr iurp rxwvlgh lqwr wkh flw| dqg ylfh yhuvd1 Wkh
doorfdwlrq lv vlpxodwhg dv dq lwhudwlyh surfhvv1 Lq hdfk lwhudwlrq d fhuwdlq
vkduh ri wkh srsxodwlrq lv ohdylqj d fhoo1 Wkh ydfdqw odqg zloo eh doorfdwhg
wr krxvhkrogv zlwk wkh kljkhvw elgv1 Wkh surfhvv pd| ohdg wr dq htxloleulxp
exw wkh uhvxow lv rshq1 Lw lv ghshqghqw rq wkh h{shfwdwlrqv ri krxvhkrogv
uhjduglqj lqfrph dqg h{whuqdolwlhv +jxuh 4,1 Dv d uhvxow/ zh rewdlq wkh
glvwulexwlrq ri srsxodwlrq rq wkh vxuidfh/ dv lq frpprq fhooxodu dxwrpdwd
prghov ylvxdol}hg lq d sorw zklfk orrnv txlwh vlplodu wr d srsxodwlrq pds1
Wr vlpxodwh vhjuhjdwlrq/ srsxodwlrq lv glylghg lqwr glhuhqw jurxsv ri
krxvhkrogv1 Wkhvh jurxsv fdq eh glvwlqjxlvkhg e| idplo| vwuxfwxuh/ udfh/
olihvw|oh ru rwkhu qrq0hfrqrplf fkdudfwhulvwlfv1 Wkh plfurhfrqrplf irxqgd0
wlrq ri wkh vlpxodwlrq lv d prqrfhqwulf prgho lqwurgxfhg e| Dorqvr ^4/ 5`/
khuh suhvhqwhg lq wkh Pxwk vw|oh ^:/ s1 6:`1 Dffruglqjo| krxvhkrogv* ehkdylru
iroorzv d xwlolw| ixqfwlrq lqfoxglqj krxvlqj/ frqvxpswlrq dqg frppxwlqj wr
wkh flw| fhqwhu1 Dsduw iurp wkhvh jrrgv/ zh duh frqvlghulqj wkh lq xhqfh ri
h{whuqdolwlhv ehwzhhq glhuhqw krxvhkrogv1
Vlqfh zh duh xvlqj dq rshq flw| dssurdfk/ wkh ydoxhv ri olylqj lqvlgh ru
rxwvlgh wkh flw| kdyh wr eh frpsduhg1 Wkh nh| txhvwlrq khuh frqfhuqv d
krxvhkrog*v hydoxdwlrq ri dq lqqhu0flw| orfdwlrq frpsduhg wr rqh rxwvlgh wkh
flw| zlwk jlyhq fkdudfwhulvwlfv dw d jlyhq sulfh1 Dv lq rwkhu prqrfhqwulf
prghov wkh dqvzhu olhv lq d elg0sulfh ixqfwlrq zlwk d irup zklfk ghshqgv
rq wkh jrrgv frqvlghuhg lq wkh xwlolw| ixqfwlrq/ xvxdoo| krxvlqj dqg d fhqw0
udoo| rhuhg frqvxpswlrq jrrg1 Lq wklv dssurdfk krzhyhu/ zkloh wkh frq0
vxpswlrq jrrg lv rewdlqdeoh hyhu|zkhuh/ zh uhjdug wzr rwkhu dujxphqwv ri
xwlolw|/ qdpho| d fhqwudoo| surylghg sxeolf jrrg dqg h{whuqdolwlhv ehwzhhq
krxvhkrogv1 Lqvlgh wkh flw| krxvhkrogv duh frqqhfwhg wr wkh flw| fhqwhu e|
frqvxpswlrq ri wkh sxeolf jrrg/ zkloh rxwvlgh wkh flw|/ vsdwldo vwuxfwxuh lv
dvvxphg wr eh xqlpsruwdqw  wklqn ri pruh ru ohvv lqghshqghqw vhwwohuv1
Dsduw iurp glvwdqfh wr wkh flw| fhqwhu wkh ydoxh ri d orfdwlrq ghshqgv rq wkh
6Iljxuh 4= Doorfdwlrq surfhvv
7vsdwldo glvwulexwlrq ri rwkhu krxvhkrogv1







































































Khuh/ frppxwlqj lqvlgh d flw| lv qhfhvvdu| wr uhfhlyh d xqlw ri d sxeolf jrrg
} iru iuhh1 wu
. duh frppxwlqj frvwv ri d orfdwlrq zlwk d glvwdqfh u wr wkh
flw| fhqwhu1 Rxwvlgh wkh flw| wkh sxeolf jrrg lv surylghg e| wkh vwdwh dqg
qdqfhg e| d wd{ W shu xqlw ri sxeolf jrrg1 Wklv wd{ pd| eh lqfoxghg lq
lqfrph wd{/ d surshuw| wd{/ ru eh fdslwdol}hg dv d ghyhorsphqw ihh1 e \
/ lv wkh
h{shfwhg lqfrph ri d phpehu ri jurxs l lqvlgh wkh flw|/ dqg \
0 lv rewdlqdeoh


























dqg uhsuhvhqw suhihuhqfhv ri d phpehu ri jurxs l iru wkh jrrgv lq wkh lqgh{1
Wkxv/ zh uhdol}h wkdw wkh zloolqjqhvv wr sd| ghshqgv rq wkh dgydqwdjh ri
d orfdwlrq lqvlgh frpsduhg wr rqh rxwvlgh wkh flw|1 Wkh dgglwlrqdo wd{ iru
sxeolf jrrgv rxwvlgh wkh flw| lv xvhg lq rughu wr hdvh wkh prgho vroxwlrq iru
d FG xwlolw| ixqfwlrq1
Wr vshfli| wkh elg0sulfh ixqfwlrq/ zh kdyh wr fdofxodwh h{whuqdolwlhv dqg
lqfrph1 Wkh v|vwhp ehfrphv g|qdplf li zh dvvxph lqfrph dqg h{whuqdo0
lwlhv dv ghshqghqw rq wkh srsxodwlrq ri wkh flw|1 Wkh uvw lv sodxvleoh e|
ghqlwlrq ri h{whuqdolwlhv1 Zh duh xvlqj d srwhqwldo dssurdfk/ vwdqgdugl}lqj

























I ehlqj wkh glvwdqfh ehwzhhq orfdwlrqv o dqg o
L
1 Wkh fdvh ri q '  lv
xvhg dv uhihuhqfh rxwvlgh wkh flw|1
Wkh irxqgdwlrqv iru wkh vhfrqg uhodwlrqvkls kdyh wr eh h{sodlqhg1 Wkhuh
lv d eurdg glvfxvvlrq rq djjorphudwlrq hhfwv jhqhudwhg zlwklq xuedq sur0
gxfwlrq1 Lq wkh suhvhqw dssurdfk/ wkhvh duh fdxvhg e| frpelqlqj phpehuv
ri glhuhqw krxvhkrog jurxsv/ ohdglqj wr kljkhu surgxfwlylw| dqg lqfrph1
Wklv zh uhsuhvhqw e| xvlqj d FHV surgxfwlrq ixqfwlrq/ zlwk K
M ehlqj oderxu
rhuhg e| phpehuv ri glhuhqw jurxsv dqg t



































8Wr rewdlq dq lqfrph rxwvlgh wkh flw|/ lw lv dvvxphg wkdw rqo| phpehuv ri wkh
vdph jurxs/ shukdsv rqo| d vlqjoh krxvhkrog/ duh lqyroyhg lq surgxfwlrq1 Lq
wklv fdvh/ wkh lqfrph lv s
￿ 1
Vlqfh lqfrph lv ghshqghqw rq srsxodwlrq/ krxvhkrogv kdyh wr exlog h{0
shfwdwlrqv uhjduglqj wkhlu lqfrph lq d fhuwdlq shulrg ri wlph1 Wkh hdvlhvw
zd| khuh lv wr xvh wkh frqfhsw ri vwdwlf h{shfwdwlrqv vlqfh whvwv vkrzhg wkdw
dgdswlyh h{shfwdwlrqv zrxog qrw lpsuryh wkh surfhvv dqg ohdyh wkh uhvxowv
qhduo| xqfkdqjhg1 Xqiruwxqdwho|/ xvlqj wkh FHV surgxfwlrq ixqfwlrq ohdgv
wr wzr vshflf sureohpv1 Iluvwo|/ li d jurxsv* vkduh ri wkh srsxodwlrq lv vpdoo/
wkhuh lv dq h{wuhph lqfuhdvh lq lqfrph/ dqg vhfrqgo|/ li d jurxs glvdsshduv/
wkh h{shfwhg lqfrph ehfrphv }hur1 Wklv hgjh vroxwlrq fdq eh dyrlghg e|
dvvxplqj wkdw wkhuh kdv wr eh d plqlpdo vkduh ri rqh jurxsv* srsxodwlrq
wr jdlq lqirupdwlrq derxw wkhlu lqfrph1 Li wkh vkduh ri wklv jurxs lv odujhu
wkdq/ vd|/ / wkh h{shfwhg lqfrph e \
￿
￿
￿ lq shulrg % htxdov wkh lqfrph ri wkh
odvw shulrg %1 Rwkhuzlvh lw zloo eh wkh dyhudjh lqfrph ri wkh zkroh flwlhv*


































































Nqrzlqj wkh elg0sulfh ixqfwlrq dqg lwv hohphqwv/ zh fdq wklqn derxw
wkh doorfdwlrq surfhvv lwvhoi1 Lq wkh vlpxodwlrq wkh hyroxwlrq ri d flw| vwduwv
zlwk wkh ulvh ri d flw| fhqwhu zlwklq d frqfhqwudwlrq ri krxvhkrogv/ pd|eh
d yloodjh/ zlwk udqgrpo| glvwulexwhg krxvhkrogv ri glhuhqw jurxsv1 Iru dq
doorfdwlrq surfhvv lw lv qhfhvvdu| wkdw d fhuwdlq dprxqw ri orfdwlrqv lv vhw
iuhh wr eh rewdlqdeoh iru qhz krxvhkrogv1 Dvvxplqj wkdw krxvhkrogv zklfk
pryhg lq lq rqh shulrg pryh rxw lq htxdo iudfwlrqv zlwklq d fhuwdlq wlph/
vd| f shulrgv/ wkhq lq hdfk shulrg fI ri wkh odqg ehfrphv ydfdqw1 Wklv lv
hdv| wr vlpxodwh dqg forvh hqrxjk wr uhdolw|1
Odqgorugv jlyh ydfdqw odqg wr krxvhkrogv zlwk wkh kljkhvw elg iru d gzhoo0
lqj li wkh krxvlqj pdunhw surylghv shuihfw doorfdwlrq dqg li sulflqj lv xquhj0
xodwhg1 Wr uhsuhvhqw lpshuihfwlrqv ri doorfdwlrq gxh wr d vhdufk surfhvv ru
uhjxodwlrq/ d sdudphwhu uhsuhvhqwlqj d sulflqj dffxudf| lv lqwurgxfhg1 Lw lv
wkh vkduh  ri wkh kljkhvw elg zklfk wkh odqgorugv duh deoh ru doorzhg wr uhdo0
l}h1 Wklv sdudphwhu zloo kdyh d ydoxh ehwzhhq 3 iru wrwdo idloxuh ri sulflqj
dqg 4 iru shuihfw sulflqj1 Wkh elgv iroorz wkh elg0sulfh ixqfwlrq +htxdwlrq
4,1 Wkxv zh rewdlq wkh doorfdwlrq ri odqg wr krxvhkrog jurxsv1 Nqrzlqj
wkh uhdol}hg sulfh/ wkh vkduh ri odqg shu krxvhkrog pd| eh fdofxodwhg iru




Wklv uhvxow ri wkh krxvlqj pdunhw lv wkh vwduwlqj srlqw iru wkh qh{w lwhudwlrq1
9Djdlq shrsoh pryh rxw dqg uhohdvh d vkduh ri odqg zklfk fdq eh uhdoorfdwhg
wr krxvhkrogv1
Wkhuh lv qr qdwxudo hqg wr wklv lwhudwlrq dojrulwkp> lw pxvw eh vwrsshg
e| uxoh1 D vwrs uxoh pd| hlwkhu eh d fulwhulrq ri dq htxloleulxp ru d fulwlfdo
qxpehu ri lwhudwlrqv1 Wkh uhodwlyh fkdqjh lq wkh qxpehu ri krxvhkrogv pd|
eh xvhg dv d fulwhulrq ri htxloleulxp1 Li wkh fkdqjh lv vpdoohu wkdq d fkrvhq
fulwlfdo udwh  lq hdfk fhoo/ wkh flw| vhhpv wr eh lq htxloleulxp1
Zlwklq wkh doorfdwlrq surfhvv vhyhudo uhvxowv duh rewdlqdeoh= Krxvhkrog
qxpehuv shu fhoo/ lqfrph ri glhuhqw krxvhkrogv/ surgxfwlrq ri jrrgv/ surwv
ri upv dqg odqgorugv dqg xowlpdwho| zhoiduh dv wkh wrwdo odqgorugv* vxusoxv1
Wkh vsdwldo sdwwhuqv ri vhjuhjdwlrq fdq eh ghprqvwudwhg e| wkh judsklfdo uhs0
uhvhqwdwlrq ri d srsxodwlrqv* glvwulexwlrq1 Pdunlqj wkh fhoov ri wkh vlpxodwhg
flw| lq wkh froru ri wkh vwurqjhvw jurxs/ zh rewdlq d flw| pds ri srsxodwlrq
glvwulexwlrq1 Frpsdulqj wklv pds wr wkh vsdwldo glvwulexwlrq ri hdfk vlqjoh
jurxs/ zh fdq vhh zkhwkhu jurxsv duh frqfhqwudwhg ru pl{hg zlwk rwkhuv1
Wkh ghqvlw| ri krxvhkrog glvwulexwlrq fdq eh vkrzq e| d wkuhh glphqvlrqdo
edu sorw1 Iru glhuhqw sdudphwhu vshflfdwlrqv zh vkrxog h{shfw glhuhqw
uhvxowv1
Wkh vlpxodwlrq zdv uxq rq pdwode iru glhuhqw sdudphwhu ydoxhv dqg
xqghuzhqw dq h{whqvlyh vhqvlwlylw| dqdo|vlv +Zdjqhu ^49`,1 Wkh lqlwldo sdud0
phwhu vshflfdwlrq lv rulhqwhg rq hpslulfdo uhodwlrqv dqg rq sodxvlelolw|1 Lq
sduwlfxodu wkh sdudphwhuv iru wkh h{srqhqwv ri wkh xwlolw| ixqfwlrq duh edvhg
rq gdwd ri krxvhkrog h{shqglwxuhv1 Dffruglqj wr wkh Free0Grxjodv xwlolw|
ixqfwlrq/ wkh udwlr ri rqh h{srqhqw wr wkh wrwdo ri h{srqhqwv vkrzv wkh vkduh
ri h{shqglwxuhv iru wklv jrrg ru exqgoh ri jrrgv1 Wkh frppxwlqj frvwv duh
vhw dffruglqj wr sudfwlfdo uhdvrq1 Zlwklq wkh revhuyhg fhoo vsdfh wkh frp0
pxwlqj frvwv uhdfk wkh frvw ri rewdlqlqj sxeolf jrrgv rxwvlgh wkh flw|1 Dw
wklv glvwdqfh wr wkh flw| fhqwhu zh h{shfw wkh flw| erughu1 Rwkhu sdudphwhuv
fdq eh hvwdeolvkhg e| wuldo dqg huuru zklfk lv ohjlwlpdwh dv orqj dv zh rqo|
dlp dw xqghuvwdqglqj wkh zrun ri wkh v|vwhp
￿ 1
Wkh uvw fdoleudwlrq suhvhqwhg lq wklv frqwulexwlrq lv dssolhg wr irxu
jurxsv ri krxvhkrogv zlwk vlplodu xwlolw| ixqfwlrqv dqg rqh flw| fhqwhu1 Lq
jxuh 5 lw lv reylrxv wkdw wklv uvw vhwwlqj ohdgv wr d frpsoh{ vsdwldo sdwwhuq
zklfk grhv qrw orrn ulqj0vkdshg dv zh zrxog h{shfw iru vwdwlf prqrfhqwulf
flw| prghov1 Krzhyhu/ jxuh +6, vkrzv d idoolqj ghqvlw| judglhqw ri krxvhkrog
glvwulexwlrq/ dv lq vxfk prghov +Pxwk ^:/ s1 :4`,1




















































































































































































































































































































































































Iljxuh 5= Ghyhorsphqw ri vsdwldo glvwulexwlrq ri irxu krxvhkrog jurxsv zlwk
v|pphwulf vrflrhfrqrplf yduldeohv lq d prqrfhqwulf flw|
;Iljxuh 6= Ghqvlw| ri irxu krxvhkrog jurxsv zlwk v|pphwulf vrflrhfrqrplf
yduldeohv lq d prqrfhqwulf flw|
suhvhqwhg dqlpdwhg rq frpsxwhu vfuhhq/ zh fdq iroorz wkh ghyhorsphqw ri
d flw| iurp d vtxduh0vkdshg yloodjh zlwk udqgrpo| glvwulexwhg srsxodwlrq
+jxuh 5,1 Xvxdoo| zh revhuyh dq lqvwdqwdqhrxv jurzwk iroorzlqj wkh hvwde0
olvkphqw ri d flw| fhqwhu1 Wkh qdo vl}h ri wkh flw| lv txlfno| uhdfkhg zkloh
wkh vhjuhjdwlrq surfhvv iroorzv jurzwk1 Iru glhuhqw lqlwldo vlwxdwlrqv dq
htxloleulxp lv xvxdoo| uhdfkhg zlwklq 83 shulrgv/ zkhuhdv wkh vsdwldo jurzwk
qhhgv rqo| d ihz shulrgv1 Ghshqglqj rq wkh udwh ri pryhv/ dq lwhudwlrq pd|
eh frxqwhg dv d rqh ru wzr |hduv* shulrg1 Wkxv wkh htxloleulxp lv wr eh
xqghuvwrrg rqo| dv d gluhfwlrq ri wkh doorfdwlrq surfhvv zklfk xvxdoo| zloo eh
dhfwhg e| h{rjhqrxv vkrfnv ehiruh htxloleulxp lv uhdfkhg1
Fkdqjlqj yduldeohv/ zh uhdol}h wkdw wkhvh uhvxowv duh txlwh vhqvlwlyh1 Lq
rshq flwlhv d pl{hg flw| rqo| hphujhv li lqfrph lv srvlwlyho| uhodwhg wr wkh
srsxodwlrq pl{1 Rwkhuzlvh/ rqo| rqh jurxs zloo vhwwoh zlwklq wkh flw| zkloh
wkh rwkhuv duh ehlqj h{shoohg1 Gxh wr wkh vwdwlf h{shfwdwlrqv uhjduglqj lq0
frph dqg qhljkerukrrg iru vrph sdudphwhu frqvwhoodwlrq/ zh rewdlq d  xf0
wxdwlqj v|vwhp zlwkrxw dq htxloleulxp1 Wkh uhdvrq iru wklv lv reylrxv= Li d
jurxs lv yhu| vpdoo dqg frqvhtxhqwo| lwv lqfrph lv yhu| kljk/ wklv ohdgv wr
kljk lppljudwlrq lqwr wkh flw|/ wkhuhe| glplqlvklqj wkh vl}hv ri rwkhu jurxsv
lq hyhu| orfdwlrq ri wkh flw|1 Wkxv/ iruphuo| odujh jurxsv ehfrph vpdoohu rqhv
zlwk kljk lqfrph dqg wkh surfhvv wxuqv urxqg1 Dq htxloleulxp lv srvvleoh
<rqo| li qrqh ri wkh jurxsv ehfrphv vpdoo hqrxjk iru lwv phpehuv wr h{shfw
h{wuhpho| kljk lqfrph1 Wklv ohdgv wr vhjuhjdwhg sdwwhuqv1
Ydu|lqj wkh sdudphwhuv zlwklq d fhuwdlq udqjh ohdglqj wr d vhjuhjdwhg
sdwwhuq/ zh xvxdoo| rewdlq uhvxowv zklfk uhdfk rxu h{shfwdwlrqv= Dv orqj dv
wkh sdudphwhuv duh v|pphwulf iru erwk jurxsv/ dv|pphwulhv ri wkh vsdwldo
vwuxfwxuh duh fdxvhg rqo| e| glhuhqfhv lq wkh lqlwldo glvwulexwlrq ri srsx0
odwlrq1 D surgxfwlylw| ulvh dv zhoo dv ri srvlwlyh h{whuqdolwlhv lqfuhdvhv wkh
flw|*v srsxodwlrq dqg vl}h1 Erwk dvshfwv dlp dw wkh dgydqwdjh ri olylqj lq
wkh flw| udwkhu wkdq dw dq rxwvlgh orfdwlrq1 Rq wkh rwkhu kdqg/ li zh udlvh
frppxwlqj frvwv ru wkh suhihuhqfhv iru frqvxpswlrq jrrgv/ wkh vl}h ri wkh
flw| ghfuhdvhv1 Li iru lqvwdqfh wkhuh zhuh foxvwhuv/ wkhvh pljkw fdxvh kljkhu
h{whuqdolwlhv dqg ohdg wr odujhu duhdv lq wkh htxloleulxp1 Krzhyhu/ zh pd|
ydu| wkh suhihuhqfhv iru h{whuqdolwlhv/ jrrgv ru krxvlqj1 Lq vxfk fdvhv/ d
jurxsv* srsxodwlrq dqg duhd duh odujhu wkh kljkhu lw ydoxhv orfdwlrqv zlwklq
wkh flw| frpsduhg wr orfdwlrqv rxwvlgh1
6 Dssolfdwlrq= Sulfh Uhjxodwlrq
Sdwwhuqv uhdfkhg wkurxjk vlpxodwlrqv pd| eh xvhg dv lqlwldo vlwxdwlrqv iru
vlpxodwlqj srolflhv dqg wkhlu lpsolfdwlrqv iru wkh vsdwldo vwuxfwxuh ri d flw|1
Wkh dvvxpswlrqv iru wkh vhwwlqj suhvhqwhg lq wkh suhylrxv vhfwlrq duh txlwh
uljrurxv frpsduhg wr hpslulfdo qglqjv1 Wkhuh/ jurxsv duh dvvxphg wr eh
v|pphwulf lq vrflrhfrqrplf yduldeohv dowkrxjk xvxdoo| wkh| zloo glhu lq
wkhlu delolw| wr hvwdeolvk vrfldo qhwzrunv/ lq wkhlu hgxfdwlrq dqg vr iruwk1
Wkxv/ iru dssolfdwlrqv dqg srolf| dqdo|vhv lw vhhpv dssursuldwh wr jhqhudwh d
pruh uhdolvwlf exw dovr d pruh duelwudu| vhwwlqj1 Wkhuhiruh d vhfrqg vhwwlqj lv
fuhdwhg dv iroorzv= Wzr jurxsv +jurxs 5 dqg 6, uhpdlq dv ehiruh1 Iru dqrwkhu
jurxs +jurxs 4,/ qrz/ d orzhu ohyho ri hgxfdwlrq/ d zhdnhu vrfldo qhwzrun exw
kljkhu suhihuhqfhv iru fhqwudoo| surylghg sxeolf jrrgv duh dvvxphg1 Wklv
dvvxpswlrq klqwv dw d jurxs zlwk vrflrhfrqrplf glvdgydqwdjhv frpsduhg
wr wkh uhihuhqfh jurxsv 5 dqg 61 Wkh irxuwk jurxs lqvwhdg lv dvvxphg wr
eh kljko| hgxfdwhg dqg zlwk orzhu suhihuhqfh iru fhqwudoo| surylghg sxeolf
jrrgv/ lqglfdwlqj dw d jurxs zlwk hfrqrplf dgydqwdjhv1 Wkhlu delolw| wr
hvwdeolvk vrfldo qhwzrunv uhpdlqv dv ehiruh
￿
1
Lq dgglwlrq wr wkh fkdqjhg vrflrhfrqrplf vwuxfwxuh ri srsxodwlrq d fkdqjh
lq jhrjudsk| lv dvvxphg1 Lqvwhdg ri rqh flw| fhqwhu/ wzr duh dvvxphg orfdwhg
d elw qruwk0zhvw dqg vrxwk0hdvw ri wkh iruphu1
Wkh vsdwldo sdwwhuq iroorzlqj wklv vhwwlqj lv vkrzq lq jxuh 71 Wkh jurxs



































































































Iljxuh 7= Vsdwldo glvwulexwlrq ri irxu krxvhkrog jurxsv zlwk glhuhqw hgx0
fdwlrq dqg suhihuhqfhv iru fhqwudo sxeolf jrrgv dqg qhljkerukrrg lq d flw|
zlwk wzr fhqwhuv
jrrgv irupv d qhduo| ulqj0vkdshg duhd durxqg wkh rwkhu jurxsv zlwk kljkhu
suhihuhqfhv zklfk duh orfdwhg forvhu wr wkh flw| fhqwhuv1 Wkh uhdvrq iru wklv
lv wkdw wkh elg0sulfh ixqfwlrq ri wkh jurxs zlwk orzhu suhihuhqfhv lv ohvv vwhhs
wkdq wkh rwkhuv1 Wkxv/ ulqj0vkdshg sdwwhuqv pd| eh rewdlqhg gxh wr yduldwlrq
ri sdudphwhuv zklfk duh uhvsrqvleoh iru wkh uhodwlrqvkls wr wkh flw| fhqwhu1
Lq wklv fdvh wkh h{srqhqw ri wkh fhqwudoo| rhuhg sxeolf jrrg lq wkh xwlolw|
ixqfwlrq lv fkdqjhg dv|pphwulfo|1 Vlqfh wkh elg0sulfh ixqfwlrq ri wkh jurxs
zlwk orzhu suhihuhqfhv iru fhqwudoo| surylghg sxeolf jrrgv lv orzhu wkdq wkh
rwkhu/ wkh zhoo0nqrzq lqwhuvhfwlrq ri wkh wzr elg0sulfh ixqfwlrqv dulvhv +Ixmlwd
^7/ 8`,/ glylglqj wkh duhdv ri wkh jurxsv1 Lq wklv fdvh wkh hhfw ri wkh flw|
fhqwhu grplqdwhv wkh hhfw ri qhljkerukrrg foxvwhuv1
Wkh jurxs zlwk orzhu hgxfdwlrq/ d zhdn vrfldo qhwzrun dqg kljk suhihu0
hqfhv iru fhqwudoo| surylghg sxeolf jrrgv phuho| vhwwohv lq d vpdoo duhd forvh
wr rqh flw| fhqwhu1 Wkh wzr rwkhu jurxsv vxuurxqg wkh flw| fhqwhuv1 Doo lq
doo/ dv lq wkh uvw vhwwlqj shuihfw vhjuhjdwlrq lv revhuydeoh1
Xvlqj wklv vsdwldo vwuxfwxuh dv dq lqlwldo vlwxdwlrq/ wkh lpsohphqwdwlrq ri
d sulfh uhjxodwlrq lv vlpxodwhg1 Dv sulfh uhjxodwlrq lw vkdoo eh frqvlghuhg wkdw
wkh odqgorug lv doorzhg wr uhdol}h rqo| d vkduh ri wkh kljkhvw elg iru krxvlqj
vhuylfhv dw d orfdwlrq1 Vxfk d uhjxodwlrq lv txlwh vlplodu wr wkh Jhupdq sulfh
uhjxodwlrq iru uhqwhg krxvlqj1 Lq wkh vlpxodwlrq/ wklv lv lpsohphqwhg e|
ydu|lqj wkh sdudphwhu ri sulflqj dffxudf| 1
Li wkh sulflqj dffxudf| lv irufhg wr idoo wr f=.D wkh vsdwldo sdwwhuq fkdqjhv
udglfdoo|1 Wkh jurxs zlwk frpshwlwlyh glvdgydqwdjhv pd| qrz eh deoh wr
drug krxvlqj vhuylfhv lq d odujhu duhd1 Wkh duhdv ri wkh rwkhu jurxsv dovr
lqfuhdvh1 Wkh glhuhqw jurxsv qrz vhwwoh lq wkh vdph duhd/ wkxv uhgxflqj
vhjuhjdwlrq1 Dv dq h{fhswlrq ihz duhdv dw wkh flw| erughu uhpdlq zkhuh rqo|
kljko| hgxfdwhg krxvhkrogv zlwk orz suhihuhqfhv iru fhqwudoo| surylghg sxeolf
jrrgv olyh1
Dv d uvw lpsruwdqw uhvxow lw lv vkrzq wkdw sulfh uhjxodwlrq lv dq rssru0
44wxqlw| wr dyrlg ru uhgxfh vhjuhjdwlrq/ wkh uhdvrq ehlqj wkdw wkh phfkdqlvp
ri hvwdeolvklqj vhjuhjdwlrq/ wkh pdunhw phfkdqlvp/ lv glvwxuehg1
Wkh frvw ri vxfk d srolf| lv txlwh reylrxv= Zhoiduh surylghg e| wklv pdu0
nhw/ frxqwhg dv odqgorugv* vxusoxv/ lv uhgxfhg ehfdxvh wkh vxusoxv lv wkh vxp
ri uhdol}hg sulfhv iru krxvlqj zklfk duh uhgxfhg e| wkh uhjxodwlrq1 Wklv pd|
eh dq dujxphqw iru d srolf| ri ghuhjxodwlrq1 Wkh frqvhtxhqfhv ri ghuhj0
xodwlrq fdq eh vkrzq e| xvlqj wkh vsdwldo sdwwhuq jdlqhg e| ghuhjxodwlrq
dv lqlwldo vlwxdwlrq iru vxevhtxhqw vlpxodwlrq zlwk shuihfw sulflqj dffxudf|
+ ' ,1 Wkh uhvxowlqj vsdwldo vwuxfwxuh lv vkrzq lq jxuh 91 Khuh/ zh fdq
vhh wkdw shuihfw vhjuhjdwlrq lv uhhvwdeolvkhg1 Wkh irxuwk jurxs djdlq rffx0
slhv d ulqj0vkdshg duhd dw wkh erughu ri wkh flw| zkloh wkh vhfrqg dqg wklug
jurxs vhwwoh forvh wr flw| fhqwhuv1 Krzhyhu/ lq frqwudvw wr wkh vlwxdwlrq eh0
iruh uhjxodwlrq/ wkh jurxs ri krxvhkrogv zlwk vrflrhfrqrplf glvdgydqwdjhv































Iljxuh 8= Vsdwldo glvwulexwlrq ri irxu krxvhkrog jurxsv zlwk glhulqj hgx0
fdwlrq dqg suhihuhqfhv iru fhqwudo sxeolf jrrgv dqg qhljkerukrrg lq d flw|































Iljxuh 9= Vsdwldo glvwulexwlrq ri irxu krxvhkrog jurxsv zlwk glhulqj hgx0
fdwlrq dqg suhihuhqfhv iru fhqwudo sxeolf jrrgv dqg qhljkerukrrg lq d flw|






























































































Iljxuh := Vsdwldo glvwulexwlrq ri irxu krxvhkrog jurxsv zlwk glhulqj hgx0
fdwlrq dqg suhihuhqfhv iru fhqwudo sxeolf jrrgv dqg qhljkerukrrg lq d flw|
zlwk wzr fhqwhuv diwhu judgxdo vwhs e| vwhs ghuhjxodwlrq +4vw vwhs=  ' f=HD>
5qg vwhs=  ' ,
Reylrxvo| wkh surfhvv lv sdwk ghshqghqw/ dqg lw lv qrw fohdu wkdw wkh sdw0
whuqv uhwxuq wr wkhlu ruljlqdo vwuxfwxuhv li sdudphwhuv duh fkdqjhg wr wkhlu
lqlwldo ydoxhv1 Wklv h{wuhph uhvxow fdq eh dyrlghg li wkh ghuhjxodwlrq lv hv0
wdeolvkhg pruh fduhixoo|1 Lq jxuh : d judgxdo vwhs e| vwhs ghuhjxodwlrq lv
suhvhqwhg1 Dv d uvw vwhs/ wkh sulflqj dffxudf| lv doorzhg wr ulvh wr  ' f=HD1
D ulvh wr  '  lv doorzhg dv d vhfrqg vwhs diwhu wkh qhz vsdwldo vwuxfwxuh
kdv vwdelol}hg1 Zh fdq revhuyh wkdw lq wklv fdvh wkh jurxs zlwk vrflrhfr0
qrplf glvdgydqwdjhv pd| suhvhuyh d vpdoo duhd forvh wr d flw| fhqwhu/ dv lq
wkh sdwwhuq ehiruh wkh uhjxodwlrq zdv lpsohphqwhg1
Zh fdq vhh wkh uhdvrq iru wkh glhulqj uhvxowv lq jxuh ;1 Lq erwk fdvhv
zh revhuyh d udslg ghfuhdvh ri wkh glvdgydqwdjhg jurxs +jurxs 4, fdxvhg e|
lqfuhdvhg frpshwlwlrq1 Dv frqvhtxhqfh wkh duhd ri wklv jurxs vkulqnv zlwkrxw
uhdfklqj wkh frqfhqwudwlrq ri wkh lqlwldo vlwxdwlrq ehiruh dq| uhjxodwlrq1 Wklv
surfhvv qhhgv 43 shulrgv gxh wr wkh pryh0rxw vfkhph1 Lq wkh phdqwlph qr
ydfdqw orfdwlrq lv jlyhq wr d krxvhkrog ri wkh glvdgydqwdjhg jurxs1 Zlwk



















































































































































Iljxuh ;= Ghyhorsphqw ri krxvhkrog qxpehuv diwhu ghuhjxodwlrq
judgxdo ghuhjxodwlrq vxfk d ghfuhdvh fdq eh qrwlfhg diwhu hdfk vwhs1 Lq
wklv fdvh/ diwhu 43 shulrghv wkh qxpehu ri krxvhkrogv lqfuhdvhv djdlq dqg
vwdelol}hv dw d fhuwdlq ohyho1 Lw lv fdxvhg e| wkh srvlwlyh hhfw wkh ghfuhdvhg
krxvhkrog qxpehu kdv rq lqfrph1 Wklv hqdeohv wkh glvdgydqwdjhg krxvhkrogv
wr frpshwh lq wkh duhd vwloo lqkdelwhg e| d ihz phpehuv ri wkhlu jurxs/
wkhuhe| jhqhudwlqj srvlwlyh h{whuqdolwlhv1 Lq wkh fdvh ri ghuhjxodwlrq lq rqh
vwhs wkh jurxs lv h{shoohg ehfdxvh hyhq wkh lqfuhdvh lq lqfrph grhv qrw
frpshqvdwh wkh udslgo| ulvlqj sulfhv1 Gxh wr wkhlu orzhu frqfhqwudwlrq wkh
glvdgydqwdjhg krxvhkrogv gr qrw jhqhudwh vx!flhqw srvlwlyh h{whuqdolwlhv1
Wklv lv wkh uhdvrq zk| wkh| fdqqrw frpshwh dowkrxjk wkh| kdg ehhq deoh
wr gr vr lq wkh lqlwldo vlwxdwlrq zlwk wkh vdph sdudphwhuv dv ehiruh dq|
uhjxodwlrq1 Wklv uhvxow vkrzv wkdw srolf| fkdqjhv pd| glvwxue hvwdeolvkhg
vrfldo qhwzrunv/ zklfk vwdelol}h wkh vsdwldo sdwwhuqv ri d flw|1
7 Frqfoxvlrq
Lq wklv frqwulexwlrq/ zlwk d vlpxodwlrq/ frpsoh{ sdwwhuqv ri vsdwldo vhjuhjd0
wlrq fdxvhg e| vrfldo qhwzrunv ri krxvhkrogv duh suhvhqwhg1 Wkh xqghuo|lqj
prgho lv d prglhg prqrfhqwulf prgho zlwk srvlwlyh h{whuqdolwlhv dprqj
krxvhkrogv1 Lq d vlpsoh uxq ri wkh vlpxodwlrq wkh vsdwldo sdwwhuq vkrzv shu0
ihfw vhjuhjdwlrq1 Dv orqj dv krxvhkrog jurxsv srvvhvv v|pphwulf vrflrhfr0
qrplf yduldeohv/ wkh sdwwhuq fdqqrw eh ulqj0vkdshg gxh wr elg0uhqw ixqfwlrqv
ehlqj ri wkh vdph vwhhsqhvv wrzdugv flw| fhqwhuv1
Dv dq dssolfdwlrq wkh lpsohphqwdwlrq ri sulfh uhjxodwlrq lv vlpxodwhg
iru d flw| zlwk wzr fhqwhuv dqg d khxulvwlf vhw ri dvvxpswlrqv iru krxvh0
krog jurxsv1 Wkh uhvxow lv uhgxfhg vhjuhjdwlrq dqg odujhu duhdv dydlodeoh iru
47krxvhkrogv zlwk vrflrhfrqrplf glvdgydqwdjhv1 Idoolqj odqgorugv* vxusoxv lv d
frqvhtxhqfh1
Zkhq lq wklv vlwxdwlrq uhjxodwlrq lv derolvkhg/ wkh vhjuhjdwlrq uhhvwde0
olvkhv1 Dgglwlrqdoo| d jurxs zlwk vrflrhfrqrplf glvdgydqwdjhv fdqqrw phhw
wkh frpshwlwlrq dqg kdv wr ohdyh wkh flw|  d frqvhtxhqfh ri wkh sdwk0
ghshqghqf| ri vsdwldo sdwwhuqv1 Li/ lqvwhdg ri d wrwdo ghuhjxodwlrq/ d judgxdo
ghuhjxodwlrq lv lpsohphqwhg/ wklv h{wuhph uhvxow pd| eh dyrlghg hyhq li lq
wkh hqg sulfhv duh vhw wrwdoo| ghuhjxodwhg1
Wkh skhqrphqrq ri glvsodfhphqw ri jurxsv zlwk vrflrhfrqrplf glvdg0
ydqwdjhv vhhpv wr eh ri kljk uhohydqfh iru krxvlqj srolf|1 Rwkhu vwxglhv ri
wkh krxvlqj pdunhw +h1j1 Wxfnhu ^47`, vkrz wkdw uhjxodwlrq ohdgv wr d jds
lq vxsso| zklfk lv d frqvhtxhqfh ri uhgxfhg odqgorugv* vxusoxv1 Lq wklv frq0
wulexwlrq/ ghuhjxodwlrq ohdgv wr kljkhu vhjuhjdwlrq dqg ohvv sduwlflsdwlrq ri
krxvhkrogv zlwk vrflrhfrqrplf glvdgydqwdjhv lq wkh krxvlqj pdunhw1 Dggl0
wlrqdoo|/ fkdqjhv lq srolf| fdq glvwxue hvwdeolvkhg vrfldo qhwzrunv zklfk rhu
srvlwlyh h{whuqdolwlhv dqg wkhuhe| vwdelol}h wkh vsdwldo sdwwhuqv ri d flw|1 Wr
vroyh wklv glohppd/ d srolwlfdo hydoxdwlrq ri vhjuhjdwlrq lv qhhghg wr rswlp0
l}h zhoiduh e| edodqflqj pdunhw h!flhqf|/ odqgorugv* vxusoxv dqg vhjuhjdwlrq1
Srolf| fkdqjhv/ hvshfldoo| sulfh ghuhjxodwlrq/ vkrxog eh lpsohphqwhg fduh0
ixoo| wr dyrlg glvdgydqwdjhg krxvhkrogv ehlqj h{foxghg iurp wkh krxvlqj
pdunhw1
8 Uhihuhqfhv
41 Dorqvr/ Z1/ D Wkhru| ri Xuedq Odqg Pdunhw/ Sdshuv dqg Surfhhglqjv
ri wkh Uhjlrqdo Vflhqfh Dvvrfldwlrq/ 9/ s1 47<048: +4<93,1
51 Dorqvr/ Z1/ Orfdwlrq dqg Odqg Xvh/ Kduydug Xqlyhuvlw| Suhvv/ Fdp0
eulgjh/ PD +4<97,1
61 Edww|/ P1/ Xuedq Ghyhorsphqw rq wkh Ghvnwrs= Vlpxodwlrq zlwk wkh
Xvh ri H{whqghg Fhooxodu Dxwrpdwd/ Hqylurqphqw dqg Sodqqlqj D/ 63/
s1 4<76 0 4<9: +4<<<,1
71 Ixmlwd/ P1/ H{lvwhqfh dqg Xqltxhqhvv ri Htxloleulxp dqg Rswlpdo Odqg
Xvh= Erxqgdu| Uhqw Fxuyh Dssurdfk/ Uhjlrqdo Vflhqfh dqg Xuedq
Hfrqrplfv/ 48/ s1 5<80657 +4<;8,1
81 Ixmlwd/ P1/ Xuedq Hfrqrplf Wkhru|/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdp0
eulgjh/ Pdvv +4<;<,1
4891 Kduwk/ D1/ Khuo|q/ X1 dqg Vfkhoohu/ J1/ Vhjuhjdwlrq lq rvwghxwvfkhq
Vwçgwhq/ Ohvnh.Exgulfk/ Rsodghq +4<<;,1
:1 Pxwk/ U1I1/ Flwlhv dqg Krxvlqj 0 Wkh Vsdwldo Sdwwhuq ri Xuedq Uhvlg0
hqwldo Odqg Xvh/ Wkh Xqlyhuvlw| ri Fklfdjr Suhvv/ Fklfdjr dqg Orqgrq
+4<9<,1
;1 Sruwxjdol/ M1/ Vhoi0Rujdql}dwlrq dqg wkh Flw|/ Vsulqjhu/ Ehuolq +5333,1
<1 Sruwxjdol/ M1/ Ehqhqvrq/ L1 dqg Rphu/ L1= Vsdwldo Frjqlwlyh Glvvrqdqfh
dqg Vrflrvsdwldo Hphujhqfh lq d Vhoi0rujdql}hg Flw|/ Hqylurqphqw dqg
Sodqqlqj E= Sodqqlqj dqg Ghvljq/ 57/ s1 59605;8 +4<<:,1
431 Vdvvhq1 V1/ Flwlhv lq d Zruog Hfrqrp|/ Slqh Irujh Suhvv/ Wkrxvdqg
Rdnv/ Orqgrq/ Qhz Ghokl +4<<7,1
441 Vkhoolqj/ Wk1F1/ Plfurprwlyhv dqg Pdfurehkdylru/ Qruwrq ) Frpsdq|/
Qhz \run dqg Orqgrq +4<:;,1
451 Vfkqhlghu/ Q1 dqg Vshoohuehuj/ D1/ Ohehqvvwloh/ Zrkqehgÿuiqlvvh xqg
uçxpolfkh Prelolwçw/ Ohvnh.Exgulfk/ Rsodghq +4<<<,1
461 Wxfnhu/ Z1/ Krz Uhqw Frqwuro Gulyhv Rxw Drugdeoh Krxvlqj/ Fdwr
Srolf| Dqdo|vlv/ Qr1 5:7 +4<<:,1
471 Wruuhqv/ S1P1 dqg R*Vxoolydq/ G1/ Fhooxodu dxwrpdwd dqg xuedq vlp0
xodwlrq= zkhuh gr zh jr iurp khuhB/ Hqylurqphqw dqg Sodqqlqj E=
Sodqqlqj dqg Ghvljq/ 5;/ s1 496049; +5334,1
481 Zdjqhu/ Z1/ Glh Vlhgoxqjvvwuxnwxuhq ghu sulydwhq Kdxvkdowh lq Srwv0
gdp/ Shwhu Odqj Yhuodj/ Iudqnixuw2Pdlq +5334,1
491 Zdjqhu/ Z1/ Vwdgwvwuxnwxu xqg Vhjuhjdwlrq= hlqh ùnrqrplvfkh Dqd0
o|vh ghu Zlunxqjhq h{whuqhu Hhnwh }zlvfkhq Kdxvkdowhq dxi vwçgwlvfkh
Zrkqxqjvpçunwh/ Vkdnhu Yhuodj/ Ddfkhq +5337,1
49